2؉ metalloprotease with two homologous catalytic domains. Both the N-and C-terminal domains are peptidyl dipeptidases. Hydrolysis by ACE of its decapeptide substrate Ang I is increased by Cl ؊ , but the molecular mechanism of this regulation is unclear. A search for single substitutions to Gln among all conserved basic residues (Lys/Arg) in human ACE C-domain identified R1098Q as the sole mutant that lacked Cl ؊ dependence. Angiotensin I (Ang I) 1 -converting enzyme (ACE, EC 3.4.15.1) belongs to the gluzincin family (clan MA) of metalloproteases and is a peptidyl dipeptidase with broad substrate specificity (1). Peptide hydrolysis is activated by monovalent anions such as Cl Ϫ ; this feature is unique among metalloproteases (2). The somatic form of human ACE has two homologous catalytic domains. These N-and C-domains most likely are the result of an ancient gene duplication event that occurred during vertebrate evolution (3, 4). Invertebrate ACE has a single, Cl Ϫ -sensitive catalytic domain (5). The physiological substrates of ACE include Ang I, bradykinin, substance P, and AcSDKP (2); however, there are significant differences between the catalytic domains in catalytic efficiencies for the hydrolysis of these substrates (6, 7).
Angiotensin I (Ang I) 1 -converting enzyme (ACE, EC 3.4.15.1) belongs to the gluzincin family (clan MA) of metalloproteases and is a peptidyl dipeptidase with broad substrate specificity (1) . Peptide hydrolysis is activated by monovalent anions such as Cl Ϫ ; this feature is unique among metalloproteases (2) . The somatic form of human ACE has two homologous catalytic domains. These N-and C-domains most likely are the result of an ancient gene duplication event that occurred during vertebrate evolution (3, 4) . Invertebrate ACE has a single, Cl Ϫ -sensitive catalytic domain (5) . The physiological substrates of ACE include Ang I, bradykinin, substance P, and AcSDKP (2); however, there are significant differences between the catalytic domains in catalytic efficiencies for the hydrolysis of these substrates (6, 7) .
Cl Ϫ dependence of hydrolysis is substrate-specific. For example, the degree of enzyme activation by Cl Ϫ and its apparent dissociation constant (K d,app ) associated with this activation is high for Ang I and low for bradykinin (8, 9) . To define the molecular determinants in the substrate structure responsible for these differences, Riordan and colleagues (8, 9) studied the hydrolysis of a collection of tripeptide substrates with varying C-terminal dipeptide structures. They observed that a P 1 Ј-or P 2 Ј-(Arg/Lys) 2 in the tripeptide substrate was necessary and sufficient for high affinity Cl Ϫ binding. Bradykinin, like these substrates, but unlike Ang I, contains a basic residue in its C-terminal dipeptide. Also, hydrolytic activity of ACE for tripeptide substrates with a P 1 Ј-or P 2 Ј-(Arg/Lys) is less affected by Cl Ϫ than for those that lack a basic P 1 Ј or P 2 Ј residue. Because chemical modification of ACE that leads to methylation of Lys residues has selective effects on hydrolytic activity for furanacryloyl-FGG-COO Ϫ (inactivated by Ͼ99%) and furanacryloyl-FFR-COO Ϫ (activity reduced by ϳ50%) it was proposed that a critical Lys is part of the Cl Ϫ -binding site of ACE (10) . The study by Shapiro and Riordan (10) had provided only circumstantial evidence that a critical Lys was involved in Cl Ϫ binding, and in principle it is best to consider both types of basic residues as possibilities. To identify the Cl Ϫ -binding residue(s) in ACE we made single substitutions with Gln of all conserved arginines or lysines in the human ACE C-domain. Here we show that the primary site of Cl Ϫ binding in the C-domain is Arg 1098 irrespective of whether the substrate is the decapeptide Ang I or a short peptide with or without a basic residue at its C terminus. We show for the first time that anion-substrate interactions are critical for the hydrolysis of short substrates suggesting that the substrate itself forms an important part of the Cl Ϫ -binding site. Finally, kinetic studies with position 1098 C-domain mutants provide insights into the molecular mechanism of ACE activation by Cl Ϫ .
EXPERIMENTAL PROCEDURES

Construction of Human ACE C-and N-domain Gene Constructs-
Homology between exons 4 -11 and exons 17-24 in the human ACE gene was established by Hubert et al. (4) . Nucleotide sequence similarity between these exons exceeds 54%. Lower stringency dot matrix plots indicated that the duplicated region extends further at both the N-and C-terminal ends (data not shown). Sequence alignment supports the proposition that the duplicated region of the ACE gene is more extensive than that previously realized. Exons 1-3 (except DNA coding for the signal peptide and 7 residues at the N terminus of exon 1) are homologous to exons 14 -16 and exon 12 is homologous to exon 25. Thus the region of homology consists of exons 1-12 (excluding the signal peptide) and exons 14 -25 (Fig. 1) . These regions are also homologous to the entire invertebrate ACE. In vertebrate ACE genes, only exons 13 and 26 are not duplicated; the former is spliced onto the N terminus of testicular ACE mRNA and the latter encodes the transmembrane and cytosolic tail domains.
Human ACE C-and N-domain gene construct design was based on the region of gene duplication shown in Fig. 1 . The gene constructs were made by strategies reported previously (11, 12) , chemically synthesized and cloned into the shuttle expression vector pcDNA3 (Invitrogen). The C-domain gene construct encodes amino acids Ϫ29 to Ϫ1 (signal peptide), 1 to 4, and 611 to 1201 of human somatic ACE (14) with an 8-residue FLAG epitope recognized by a commercially available antibody (M2, Sigma) at the C terminus. The N-domain gene construct encodes amino acids Ϫ29 to Ϫ1 (signal peptide) and 1-609 of human somatic ACE with an 8-residue FLAG epitope at the C terminus. Mutations were constructed in the synthetic gene by the technique of restriction fragment replacement or site-directed mutagenesis (QuikChange Site Directed Mutagenesis Kit, Stratagene), and mutants were fully sequenced (13) to check for the presence of intended mutations and the absence of unintended mutations.
Transfection of COS-7 Cells-COS-7 cells (ATCC) were cultured under an atmosphere of 5% CO 2 at 37°C and transfected with plasmid DNA using the Gene Pulser system (Bio-Rad). 12 h after transfection, cells were washed and further cultured with serum-free Dulbecco's modified Eagle's medium (Life Technologies, Inc.) for 48 -72 h. C-and N-domains and their mutants released into conditioned media were collected and used as the starting point of the purification. The following mutants were made: K919Q-, R924Q-, R942Q-, R944Q-, K1030Q-, K1044Q-, K1065Q-, K1077Q-, K1087Q-, R1098Q-, and R1098K-C-domain and R500Q-N-domain. combinant ACE C-and N-domain according to the procedure described by the manufacturer (Sigma). ACE protein preparations were Ͼ95% pure as determined by Coomassie Blue staining, and the amount of protein was quantified by amino acid analysis. These preparations of Cand N-domain were used as standards. For kinetic studies, C-and N-domains and their mutants were partially purified by ion exchange HPLC using a Bio-Scale Q2 column (Bio-Rad). Cell culture media containing ACE or mutant ACE protein was dialyzed against 20 mM Tris-HCl buffer, pH 7.5, containing 20 mM NaCl. The dialyzed media (5-10 ml) was applied to the ion exchange HPLC column which was developed using a 45-min linear NaCl gradient (20 -500 mM) at a flow rate of 1 ml/min. Two to three 1-ml fractions with the highest activity were pooled. The purity of recombinant ACE in the pooled peak fractions was ϳ50%, with bovine serum albumin as the only detectable contaminant. ACE was not further purified to remove the contaminating bovine serum albumin since the stability of the pure (Ͼ95%) Cdomain at 4°C was markedly lower than that of partially purified ACE containing bovine serum albumin. The concentration of enzyme in each crude or purified C-or N-domain or mutant preparation was quantified by Western blot analysis using a polyclonal antiserum generated against pure human kidney ACE (11) .
Peptides-Peptides used in this study were synthesized by The Protein Core Facility, The Cleveland Clinic Foundation, or Auspep (Parkville, Australia). Angiotensin peptides were purified (purity Ͼ99%) on a C 18 reverse phase HPLC column and characterized by amino acid analysis and analytical C 18 reverse phase HPLC. Peptide concentrations were determined by amino acid analysis. Tetrapeptide substrates with the structure acetyl-AF-Xaa-Xaa-COO Ϫ were synthesized as a library (Chiron Technologies, Clayton, Victoria, Australia) and were of Ͼ90% purity; these peptides were used without further purification. A standard AcAF preparation (Ͼ99% purity) of known concentration was used to quantify product formation during AcAFXaa-Xaa-COO Ϫ incubations with ACE. Enzymes and Enzyme Kinetics-To determine K m and V max values for C-and N-domain reactions, initial velocities (v) were determined as described by us previously (11, 14) . Twelve concentrations of Ang I ranging between 5 and 1,000 M or six concentrations of AcAF-XaaXaa-COO Ϫ were incubated with wild-type or mutants forms of ACE at 37°C in 50 mM HEPES buffer, pH 7.5, containing varying concentrations of NaCl and 10 M ZnSO 4 (final volume 50 l) for 30 -60 min. Enzyme concentration was adjusted to ensure that Ͻ15% of the substrate was consumed at the lowest substrate concentration. Under these conditions, product formation was linear with respect to time over the duration of the incubation. Reactions were terminated by the addition of 70 l of ice-cold 0.1% trifluoroacetic acid. The resulting solution (100 l) was applied to a C 18 reverse phase HPLC column (XTerra RP18 3.5 m, 4.6 ϫ 50 mm column, Waters, Milford, MA). The column was developed with linear acetonitrile gradients containing either 25 mM triethylammonium phosphate buffer, pH 3.0 or 7.0, or 0.1% trifluoroacetic acid at a flow rate of 2 ml/min. The column effluent was monitored at 230 nm. The elution positions of Ang I, Ang II, and AcAF-COO Ϫ were determined using pure synthetic standards. The peak area corresponding to Ang II or AcAF-COO Ϫ was integrated to calculate product formation. Products were separated by reverse phase HPLC and identified by amino acid analysis. K m and V max values were calculated by nonlinear regression using the equation:
Correlation coefficients were routinely Ͼ0.99, but never Ͻ0.97. Pure wild-type C-or N-domains of known concentration were used in a Western blot protocol to determine enzyme concentration of partially purified ACE and mutant ACE enzyme preparations. The overall rate constant k cat was calculated by the formula
is the total enzyme concentration. Apparent dissociation constants (K d,app ) for Cl Ϫ and other anions were calculated from activation curves generated by NaCl titration (or corresponding sodium salt). The saturation curves were computer fitted by a nonlinear regression analysis of FIG. 2. Effects of NaCl on the Ang II forming activity of C-and N-domains and their R1098Q and R500Q mutants, respectively. Activity assays were carried out in 50 mM HEPES buffer, pH 7.5, containing 0 -100 mM NaCl, 10 M ZnSO 4 , and 20 M Ang I as substrate at 37°C. Generated Ang II was quantified by HPLC using pure standards. Enzyme activity is expressed as picomoles of Ang II formed per min/ng of enzyme protein. For these studies, purified enzyme preparations (see "Experimental Procedures") were first extensively dialyzed against 50 mM HEPES buffer, pH 7.5, containing 10 M ZnSO 4 at 4°C to remove Cl Ϫ . NaCl was then added to some samples to achieve NaCl concentrations of 1 to 100 mM. Effects of NaCl on the activity of wildtype C-domain (q) and its R1098Q mutant (E) are shown in panel A and of wild-type N-domain (q) and its R500Q mutant (E) are shown in panel B. Values are means of duplicate measurements. This figure shows theoretical curves for data generated with C-and N-domains, but not for R1098Q and R500Q.
TABLE I Effect of NaCl on the hydrolysis of Ang I by wild-type-and R1098Q-human ACE C-domain and wild-type and R500Q-human ACE N-domain
The kinetic constants were determined in 50 mM HEPES buffer, pH 7.5, containing varying concentrations of NaCl and 10 M ZnSO 4 at 37°C. K m and k cat values were determined by nonlinear regression. Values are mean Ϯ S.E. of three independent determinations.
[NaCl] ‡ from E ϩ S), to form the enzyme-substrate complex (E⅐S) from E ϩ S, and to convert the E⅐S complex to the transition-state complex (E⅐S ‡ ), respectively.
RESULTS
Enzymatic Activity of C-and N-domains-Kinetic constants for Ang I conversion to Ang II by C-and N-domains are summarized in Table I . At saturating Cl Ϫ concentration levels (20 mM NaCl; Fig. 2 ) the N-domain had an ϳ2.5-fold higher catalytic efficiency for Ang I hydrolysis than did the C-domain. This difference was mainly due to a 2-fold lower K m for Ang I hydrolysis by the N-domain.
Activation of C-domain Ang II Forming Activity by Halide Ions-Removal of Cl
Ϫ by extensive dialysis results in a reversible inactivation of C-and N-domains. Addition of Cl Ϫ reactivated these catalytic domains and maximal activity was attained at ϳ20 mM NaCl (Fig. 2) . K d,app for Cl Ϫ activation of Ang On the x axis, vertical arrows indicate radii of halide anions. Activity assays were carried out in 50 mM HEPES buffer, pH 7.5, containing varying halide anion concentrations (using sodium salts), 10 M ZnSO 4 and 20 M Ang I as substrate at 37°C. Generated Ang II was quantified by HPLC using pure standards. Enzyme activity is expressed as picomole of Ang II formed per min/ng of enzyme protein. For these studies, purified enzyme preparations (see "Experimental Procedures") were first extensively dialyzed against 50 mM HEPES buffer, pH 7.5, containing 10 M ZnSO 4 at 4°C. Sodium salts of halides were then added to enzyme samples to achieve the desired concentrations. K d,app and V sat values were calculated from anion titrations as described under "Experimental Procedures." Values are means of duplicate measurements.
FIG. 4. Activities of wild-type C-and N-domains and K919Q
, R924Q, R942Q, R944Q, K1030Q, K1044Q, K1065Q, K1077Q, K1087Q, and R1098Q C-domain mutants for Ang I hydrolysis in the absence (q) and presence of 20 mM NaCl (E). Activity assays were carried out in 50 mM HEPES buffer, pH 7.5, containing 0 or 20 mM NaCl, 10 M ZnSO 4 , and 20 M Ang I at 37°C. Generated Ang II was quantified by HPLC using pure standards. Ang II-forming enzyme activity in COS-7 cell media are shown in panel A. In panel B, Ang II-forming enzyme activity in 0 mM (black bars) or 20 mM (gray bars) NaCl is expressed as the percentage of the activity with 20 mM NaCl. For these studies, COS-7 cell extracellular media was first extensively dialyzed against 50 mM HEPES buffer, pH 7.5, containing 10 M ZnSO 4 at 4°C to remove Cl Ϫ . NaCl was then added to some samples to achieve a NaCl concentration of 20 mM. All values are mean Ϯ S.E. of three independent determinations.
I hydrolysis by C-and N-domains was 0.5 and 1.1 mM, respectively (Figs. 2 and 3) . Addition of 20 mM NaCl increased catalytic efficiencies of C-and N-domains for Ang I hydrolysis 55-and 9.3-fold, respectively (Table I) . At a concentration of 20 mM, Cl Ϫ increased the affinity (1/K m ) of Ang I binding to the N-and C-domains to an equivalent level (ϳ8-fold). The difference between these domains in the Cl Ϫ effect on catalytic efficiency was mainly due to differences in catalytic rate enhancement (Cl Ϫ increased k cat for the C-and N-domains 6.2-and 1.2-fold, respectively).
The C-domain can be fully reactivated not only by Cl Ϫ but also by Fl Ϫ , Br Ϫ , and I Ϫ (Fig. 3) . Activation of this ACE domain by CH 3 COO Ϫ (sodium salt) was Ͻ5% of that seen with Cl Ϫ (data not shown). The apparent dissociation constants, K d,app , between halides for the C-domain differed widely (Fig. 3 ). An inverted bell-shaped relation was seen between ionic size and Ϫ -dependent activation of ACE is conserved during ACE evolution. Hence we reasoned that the critical residue responsible for coordinating this Cl Ϫ would also be conserved in each ACE domain and between species. In Cl Ϫ -activated ␣-amylases, the negatively charged Cl Ϫ is primarily coordinated by the positively charged side chain of either Arg or Lys (16, 17) . To identify the Arg or Lys residue responsible for Cl Ϫ dependence, all Arg and Lys residues in the C-domain that are conserved in all known ACE primary structures were individually changed to Gln by mutagenesis. The positions of these conserved residues in human ACE are shown in Fig. 1 . Conservative substitutions (i.e. Lys in place of Arg, and vice versa) were allowed but none were observed.
Six lysines and four arginines are conserved in human ACE C-domain (Fig. 1 Mutants containing a single Gln substitution of these residues were expressed in COS-7 cells. The protein expression level of each mutant, except K1077Q, was Ͼ60% of the wild-type enzyme. The expression level of K1077Q was ϳ15% of the wildtype enzyme. In these mutations, the glycosylation pattern was unchanged from that in the wild-type enzyme, indicating that their post-translational modification was intact. Enzyme activity of each mutant is shown in Fig. 4A .
Following extensive dialysis in Cl Ϫ -free buffer, Ang II forming activity of each mutant was examined in 0 or 20 mM NaCl (Fig. 4B) . Like the wild-type C-and N-domains, all C-domain mutants, except R1098Q, exhibited a Ͼ10-fold increase in activity associated with the change in Cl Ϫ concentration from 0 to 20 mM. In 0 mM NaCl, R1098Q had ϳ60% of the activity seen in 20 mM NaCl. The selective loss of Cl Ϫ dependence in the Ang I hydrolytic activity of R1098Q suggested that Arg 1098 was the Cl Ϫ binding residue in the C-domain.
Effect of Cl Ϫ on Ang I Hydrolysis by R1098Q-C-domain and R500Q-N-domain ACE-The residue in the N-domain, equivalent to Arg
1098 of the C-domain, is Arg 500 . The effect of Cl Ϫ on the R1098Q-C-domain and R500Q-N-domain Ang II forming activity is summarized in Table I and Fig. 2 . In Ang I hydrolysis assays carried out in the absence of Cl Ϫ , the Arg 1098 to Gln substitution produced a 6.9-fold decrease in K m , a 4.7-fold increase in k cat , and a 32-fold increase in k cat /K m (⌬⌬G T ‡ ϭ Ϫ2.1 kcal mol Ϫ1 ). Under identical conditions the Arg 500 to Gln substitution produced a 1.8-fold decrease in K m , a 2.5-fold increase in k cat , and a 4.5-fold increase in k cat /K m (⌬⌬G T ‡ ϭ Ϫ0.76 kcal mol Ϫ1 ). Increasing Cl Ϫ concentration levels to 20 mM produced minimal changes in the k cat /K m of Ang I hydrolysis by R1098Q (22% decrease) or R500Q (7.7% decrease).
Therefore, the Arg 1098 to Gln and Arg 500 to Gln substitutions lead to a loss of Cl Ϫ dependence (Fig. 2) . In the presence of 20 mM NaCl, R1098Q and R500Q had ϳ45% of the catalytic efficiency of their respective wild-type controls.
FIG. 5. Effects of Cl
؊ on tetrapeptide substrate hydrolysis by the C-domain (filled symbols) and its R1098Q mutant (open symbols). In A, activity was measured with Ac-AFGG-COO Ϫ (squares), Ac-AFAG-COO Ϫ (circles), and Ac-AFHL-COO Ϫ (triangles). In B, activity was measured with Ac-AFFK-COO Ϫ (squares), Ac-AFAK-COO Ϫ (circles), and Ac-AFHK-COO Ϫ (triangles). In C, activity was measured with Ac-AFFR-COO Ϫ (squares), Ac-AFAR-COO Ϫ (circles), and Ac-AFHR-COO Ϫ (triangles). Activity assays with purified enzymes were carried out in 50 mM HEPES buffer, pH 7.5, containing 0 to 100 mM NaCl, 10 M ZnSO 4 , and 30 M substrate at 37°C. Generated AcAF-COO Ϫ was quantified by HPLC using pure standards. Values are means of duplicate measurements. This figure shows theoretical curves for data generated with ACE C-domain, but not for R1098Q.
Effect of the Arg 1098 to Lys Substitution in the C-domain on Halide Anion Binding and Enzyme Activation-The loss of Cl
Ϫ dependence with the Arg 1098 to Gln substitution suggests an ionic interaction between Arg 1098 and the anion. In structural data bases, ionic interactions between Lys and Cl Ϫ have also been described. The effect of the Arg 1098 to Lys substitution on halide anion-dependent activation of Ang I hydrolysis is shown in Fig. 3 Ϫ ; some of these substrates were based on those used by Shapiro et al. (9) . The effect of Cl Ϫ on tetrapeptide substrate hydrolysis by the C-domain is shown in Fig. 5 and kinetic constants for Cl Ϫ binding (K d,app ) and maximal activation by Cl Ϫ (V sat ) are summarized in Table II . Cl Ϫ -binding affinities (1/K d,app ) were dependent on the nature of substrate P 1 Ј and P 2 Ј residues: P 2 Ј-Arg Ͼ P 2 Ј-Lys Ͼ P 2 Ј-Gly in substrates with a P 1 Ј-Ala, and P 1 Ј-Ala Ͼ P 1 Ј-Phe ϳ P 1 Ј-His in substrates with a P 2 Ј-Arg or -Lys. Effects of P 1 Ј and P 2 Ј residues on V sat were less prominent (Ͼ2.5-fold) and could not be segregated on the basis of the substrate C-terminal structure. However, in the absence of Cl Ϫ , hydrolytic activity (V [-Cl Ϫ ] ) of the C-domain as a percentage of V sat was ϳ5-fold higher when the P 2 Ј residue was Arg, compared with when it was either Lys or Ala (Table  II) . At saturating Cl Ϫ concentration levels (5-fold higher than K d,app ), K m values were 3.7-and 1.6-fold lower with P 2 Ј-Arg and -Lys, respectively, compared with P 2 Ј-Ala.
Hydrolysis of tetrapeptide substrates by R1098Q was unaffected by Cl Ϫ (Fig. 5 ). For these substrates the rate of hydrolysis was equal to or lower than that seen with the wild-type C-domain in the absence of Cl Ϫ (Fig. 5) . Because of the low activity of R1098Q toward the tetrapeptide substrates it was not possible to determine their kinetic constants accurately.
DISCUSSION
Novel aspects of this study include the findings: 1) that a single conserved Arg in the ACE C-domain, Arg 1098 , is critical for the Cl Ϫ -enzyme interaction that leads to enzyme activation whereas the critical residue was previously thought to be a Lys; 2) that Cl Ϫ activates the C-domain by disrupting an intramolecular interaction involving Arg 1098 that keeps the enzyme in a low affinity state with respect to Ang I binding; and 3) that Cl Ϫ binding to the enzyme is influenced by multiple determinants in a substrate, on both sides of the scissile bond. These findings suggest an interaction between the anion and the substrate in addition to the anion-enzyme interaction. Surprisingly, however, anion-substrate interactions appear to be important only for the hydrolysis of short tetrapeptide substrates and not for the decapeptide Ang I. These observations provide new insights into the molecular mechanism of ACE activation as well as the selective retention of the Cl Ϫ -binding site during ACE evolution.
ACE Constructs-At the beginning of these studies we considered the possibility that a Cl Ϫ binding interaction with one domain could influence the activity of the other domain and thus complicate the identification of the critical Cl Ϫ -binding residue. Hence, a study of separated domains was undertaken. In the study by Wei et al. (6) , the N-and C-domain fragments used contained considerable overlapping sequences and one could not exclude the possibility that a single Cl Ϫ -binding site in the region that was present between the two active sites was important for both active sites. We constructed N-and Cdomains based on the gene region that was duplicated (Fig. 1) .
A direct comparison of catalytic efficiencies for Ang I hydrolysis by N-and C-domains shows that at 20 mM NaCl the N-domain is ϳ2.5-fold more active than the C-domain (2.7 and 1.1 s Ϫ1 M for the N-and C-domains, respectively). Catalytic efficiencies for Ang I hydrolysis by separated N-and C-domains were not reported by Wei et al. (6) . However, studies with the two full-length mutants in which one or the other active site was inactivated, where interdomain interactions were possible, showed that at 50 mM NaCl the C-domain has a 2.6-fold higher catalytic efficiency for the hydrolysis of Ang I than does the N-domain (0.73 and 1.9 M s Ϫ1 for the N-and C-domains, respectively) (6). Our data for Ang I hydrolysis shows that maximal activation by Cl Ϫ of both the N-and C-domains occurs at Cl Ϫ concentrations between 10 and 20 mM, with K d,app values for Cl Ϫ of 1.1 and 0.5 mM for the N-and C-domains, respectively. Wei et al. (6) reported a similar (1.2 mM) K d,app for Cl Ϫ -dependent activation of Ang I hydrolysis for the N-domain fragment and the full-length mutant with an inactivated Cdomain. However, they observed a ϳ4.5-fold higher K d,app (5.4 mM) for the C-domain fragment as well as the full-length mutant with an inactivated N-domain. Since assay conditions were similar it is possible that the presence of additional sequences on the C-domain fragment studied by Wei et al. (6) mimicked the influence of the entire N-terminal domain on the Cl Ϫ effect. The recombinant N-and C-domain proteins described in this study are catalytically efficient at hydrolyzing Ang I and display a remarkable degree of Cl Ϫ activation that is observed with native somatic ACE. Differences between these separated domains in relative reaction rates for Ang I hydrolysis and in Cl Ϫ activation constants for this reaction are not identical to those observed between the domains in full-length somatic ACE and could reflect the contribution of interdomain 
